Although the safety records for Ship to Ship (STS) transfer operations reflect to safe procedures, nevertheless it remains a complex operation that needs special consideration due to the adverse consequences of a potential accident. The aim of this paper is to apply fuzzy inference system as a novel approach for risk assessment for STS transfer operations. The advantages of the fuzzy approach are highlighted through the application of the Mamdani's method for hypothetical accident scenarios.
Introduction
The Ship to Ship (STS) transfer of cargo is a procedure that was initially used on the decade of 1960s due to the increased draft dimension that limited the access of large ships (VLCCs and ULCCs) at specific oil terminals through shallow rivers in the Gulf of Mexico 1 . Although the initial use of such procedures was for transferring oil, however the contemporary STS operations have been extended to the transfer of cargoes other than oil, such as liquefied gases (LPG, LNG) or even for dry cargoes such as ore; nevertheless, the dry bulk STS operations are mostly conducted in the Middle and Far East where iron ore is transshipped to get into shallow ports where the melters are located 2 . Nowadays that oil holds a share of a 33.1% and liquefied natural gas (LNG) is at 23.9% of the global energy consumption 3 , the procedures of transshipment at sea forms an essential link in the chain of the global movement of energy providing valuable help to the optimization of the distribution plan from the producer to the final consumer 4 . During the transfer procedure, the seagoing ships are positioned alongside each other. Both ships are moving with low speed and the objective cause is to bring their manifolds in line to conduct the transfer of the cargo. Ship to Ship transfer operation can be conducted either stationary or underway depending on different factors such as the selected area for the transfer (shallow or deep waters, efficient room for maneuvers etc) or the weather and sea state conditions 5 . The addition of Chapter 8 to MARPOL (Annex I of the Protocol of 1978 for the Prevention of Pollution from ships) is the first significant action to establish common rules during STS transfer operations 4, 6 . Generally, an STS transfer procedure comprises four different phases: the preparation, the mooring phase, the transfer procedure, and the unmooring. Each phase of the STS operations consists of different procedures to follow and checklists to complete. Figure 1 shows the most common STS transfer areas in a worldwide scale.
To complete successfully an STS transfer operation many different parties should cooperate and work together. The parties involved in the operation are the following: the vessels including the masters of each ship, the personnel directly involved to the different phases of the operation and the rest personnel onboard; the STS provider which includes the person overall advisory control (POAC), the STS superintendents and the relevant personnel involved to the procedure; the local authorities who participate as an independent observer of the procedure under the condition that the operation is conducted within waters of its jurisdiction. Moreover, other parties that are indirectly involved to an STS operation are the insurers, the charterers, the stakeholders, and the ship and the cargo owners 7 .
Fig.1. Ship to Ship transfer areas worldwide.
Although these procedure shave been continuously recorded in 5 , nevertheless they remain difficult and they demand the nonstop attention of the industry. To reduce the adverse effect of a potential accident to human health as well as to the environment, a risk assessment is necessary to be done to evaluate the hazards that derive from such difficult procedures. For that purpose, different analysis techniques and methodologies have been developed and applied to assess the hazards of an STS procedure. See Refs. 7 and 8-13 for more details.
Although traditional methods such as Fault Tree Analysis (FTA) or Event Tree Analysis (ETA), have been used to solve problems related to safety or risk analysis, nevertheless they rely on statistical or historical data that may not always be given; thus traditional methodologies may have limited effectiveness 14 . One feasible way to tackle with uncertainty from insufficient or imprecise data is the use of fuzzy logic. The use of linguistic terms to express the expert's judgment or to present the risk in terms of fuzziness helped researchers to develop models to deal with uncertainty. An important brunch of fuzzy logic is the well-known fuzzy inference system (FIS).
The FIS approach, which is under development over the last decades, has been used to solve problems in a human driven way of thinking and language. To this end, the FIS approach has been used for studies in industrial applications; see relevant Refs. 15-17, in computer sciences with corresponding Refs. 18 and 19, in medical research; see Refs. 20-22, in sports 23 and education 24 , in telecommunications 25 , and in the finance market 26 . Within the maritime industry, the FIS engine has been applied to the prevention of marine accidents 27 , to evaluate accident senarios 28 or to conduct safety analysis for marine systems 14 . The aim of this paper is to apply a fuzzy inference system (FIS) as a novel approach to risk assessment for each individual phase of the STS transfer operation. The indisputable advantages of fuzzy approach have mainly to do with the ability to use natural or linguistic terms to express variances of variables while at the same time it provides an effective tool for the treatment or combination of different variables. The most common way to use the fuzzy inference system is through direct methods, such as Mamdani's and Sugeno's methodologies 29 . Finally, a hypothetical scenario of an STS transfer of oily products operation is implemented to evaluate the effectiveness of the proposed FIS approach. Fuzzy inference system is applied in order to conduct risk assessment for STS transfer of petroleum products, or liquefied gases (LPG, LNG). To achieve the goals, the paper is organized as following: Section 2 presents an analytical description of the STS transfer operations. For that purpose, sufficient data from the best practice guidelines published from organizations such as the International Chamber of Shipping (ICS), the Oil Companies of International Marine Forum (OCIMF) and the International Maritime Organization (IMO) have been used. Section 3 comprises the theoretical background of the fuzzy inference system methodology. Then, the FIS is applied to an STS transfer operation in Section 4 and the corresponding results are presented in Section 5; In addition, Section 6 discusses the results, and finally Section 7 provides the conclusions of the study.
Ship to Ship Transfer Operation
The STS transfer operation consists of four discrete phases all in the context of the safely transfer of cargo from one ship to another. In particular the phases of an STS operation are: the preparation which includes the pre-fixture information and the beginning of operations, the mooring process, the transfer of cargo, and finally the unmooring procedure.
Prior to the start of the operation, certain conditions and requirements should be met to safeguard the success of the entire operation. This pre-fixture information is related to compatibility issues regarding the vessels involved into the operation; hence, information related to the dimensions, freeboard, position of manifolds, mooring equipment and fenders should be thoroughly examined from the masters to ensure that there will not be any problems springing from compatibility issues. Special consideration should be given in the cases in which vessels with similar length are to maintain manifolds in line and at the same time they should avoid bridge wings contact and therefore achieve an optimum mooring arrangement. To this end, the operation may commence only when an overall compatibility assessment in concluded successfully.
Before the operation starts, an operational checking should be done to evaluate the mooring procedures; in addition, the relevant mooring equipment should be certified and the operability of the propulsion system of the vessels should be checked. Special consideration should be given to safety issues (e.g. drills, electric isolation etc.); furthermore, communication issues such as the use of common language and the transmission of emergency signals and warnings should be checked and verified. Another important issue as the operation begins is the checking of the equipment related to mooring, such as fenders or mooring lines, or the equipment used for the transfer process such as hoses, and finally the equipment of general use, such as safety devices (IG, ESD systems), boilers, cranes etc. Last but not least, other general requirements, such as the notification of the local authorities, the weather forecast (wind, wave height), or the rendezvous point should be carefully examined and assessed. After the completion of the phase of preparation the "run-in" procedure starts. Figure 3 illustrates the phase of the preparation and its components.
During the phase of mooring operational checking should be done to evaluate the monitoring system of the vessels; also the use of the proper navigational signals and the proper function of the AIS should be certified. Moreover, the personnel involved into the mooring phase should be monitored for readiness and taking their predefined positions (mooring stations, on the bridge etc). Safety issues such as the checking of the side of berthing should be done.
Checking of the STS equipment should be done to safeguard the mooring procedures and the transfer of the cargo. To this direction, fenders (primary and emergency), winches and mooring lines should be carefully examined and tested, if possible. Also the STS transfer equipment such as cargo manifold connections and emergency equipment (axes) should be prepared so as to be ready for use during the next phase of the process. Finally, communication control of the mooring stations is conducted and shipping traffic within the selected location for the STS transfer operation is monitored and assessed. After completion of the phase of mooring the transfer process starts. The description of the mooring phase is illustrated in Figure 4 . 
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Copyright: the authors The actual transfer of cargo consists of the operational verification for various issues such as: the control of the initial and the maximum transfer rate, the emergency shutdown transfer procedures, the ballasting and de-ballasting processes etc. Other operational controls are relevant to the monitoring and supervision of the crew for taking their positions according to the STS operation plan; for example, the predefined manned positions are for the engine room, the bridge, the anchor, the manifolds etc. In case of the transfer of liquid cargoes such LPG or LNG, special consideration should be given to cooling, to the vapors and their characteristics (max pressure, rates etc.), and finally to the proper functionality of the EDS system. Moreover, in the case of an LNG transfer, extra consideration should be given for the ESD systems and their functionality, the tightness of the connection lines, and the operability of the nitrogen plant and water protection. After the completion of this phase the unmooring procedure commences. The complete structure of the transfer phase is illustrated in Figure 5 . During unmooring, the separation method should be determined and followed; also the cancellation of the navigational warnings and the update of the AIS with regards to the status of the vessels should be performed. The berthing side should be inspected that it is clear and the involved personnel should take their predetermined positions (bridge, mooring stations etc). The relevant equipment should be inspected for operability; the transfer hoses should be disconnected and drained from the manifolds. The mooring equipment, such as the fenders, the winches, and the maneuvering and navigation equipment should be tested for proper future use. In case of LNG transfer, special consideration should be given to the cargo hoses and to the processes of isolation and drain. The complete phase of the unmooring procedure is illustrated in Figure 6 .
Although the industry practice is to control the STS operation by the application of precise and accurate procedures, nevertheless the possibility of a potential accident always remain as a threat; hence the determination of the high level risks during each phase of the overall effort is of utmost importance.
Fig.6. Mind mapping for the unmooring phase of a Ship to Ship transfer operation
Knowing the risks is the first step to develop hypothetical accident scenarios and following to evaluate them in order to take the necessary measures to mitigate or alleviate their effect. To do so, the best practice guidelines published from organizations such as ICS, OCIMF and IMO have been used in addition to previous studies and relevant researches. High level risks are considered those that may lead to the abortion of the STS transfer procedure. The aforementioned risks can be categories according to their possible effect as a threat; hence there are risks relevant to the human element, risks relevant to the environment and risks relevant to the property.
In the light of the above, the high level risks during an STS operation are collision between the involved vessels, cargo leakage on deck, pollution, damage to cargo tanks, accident during personnel transfer, accident during mooring/unmooring operations or fire on deck or/and explosion. A careful consideration of the aforementioned high level risks can provide valuable information about the causes that may lead an incident, to escalate to accident during the development of an STS transfer operation. To this end data retrieved from investigations of previous accidents during STS transfer operations shows that the factors that affect the operation are the vessel's compatibility, the relevant experience of the masters and the crew involved, the skills and qualifications of the STS provider that is responsible to provide equipment and staff for the operation and finally the prevailing environmental conditions during the operation. These factors will be developed in details in session 4.
Background of Fuzzy Inference System Theory
The indisputable complexity of maritime activities due to the difficult and in many times hostile environment, in combination with the public concern regarding to the possibility of a marine accident with adverse environmental effect, led to the study and development of advance methods to mitigate, or even eliminate the possibility of a potential marine accident. Both traditional and sophisticated methods have been used to identify the potential hazards or to address the possible accident scenarios; the latter is the first step to conduct risk analysis with the objective cause to alleviate the probability of an accident. One significant problem that someone has to deal with during a risk assessment analysis is the reliability of the employed data. Many times the records that are used to conduct risk assessment for a marine system 12, 14 are vague and imprecise the uncertainty that derives from imprecise data remains a serious consideration for the standards of the research. One feasible way to tackle with uncertainty from insufficient or imprecise data is the use of fuzzy logic. Fuzzy logic was first introduced from L.Zadeh 30 back in the 1960's; the basic concept was to rely on the fuzziness of human perception by using linguistic descriptions to express decision variables. This unique feature to interfere between objective and human perceptive reality, led fuzzy logic to great development over the last decades.
The basic principle of applying FIS is to solve problems througha more human way of thinking and with the usage of linguistic terms. The advantages of a fuzzy approach have mainly to do with the ability to use natural or linguistic terms to express the variances of variables while at the same time, it provides an effective tool for the treatment or combination of different variables. The most common way to use FIS is through direct methods, such as the Mamdani's method. Hence, the FIS is a challenging way to apply fuzzy inference systems for the risk assessment of maritime activities. Previous works have shown 14, 27, 28 that the use of FIS for risk assessment can provide a valuable tool in the hand of experts.
The theoretical background of the fuzzy inference system approach
The FIS is a process of producing a certain output from a given set of inputs using fuzzy logic. The mechanism to produce the output from inputs is shown schematically in Figure 7 and it consists of the following steps 29 : Fig.7 . Flow diagram of a Fuzzy Inference System engine 29 .
• Fuzzification: The input variables are converted from crisp values to linguistic values using the proper membership functions stored in the fuzzy knowledge base. During this phase, the degree of relation of the crisp values to the fuzzy sets is determined.
• Inference engine: The linguistic variables are used as inputs to the fuzzy engine where under the influence of fuzzy rules "If-then" they are converted to fuzzy output. If the antecedent of a rule consists of two or more parts, a fuzzy operation is applied to obtain the result of the antecedent of the rule. Before applying the operations the rule's weight should be determined. Finally the fuzzy outputs of the inference engine are aggregated to a fuzzy number for each individual input parameter.
• Defuzzification: The aggregated fuzzy number is converted to crisp value by using membership functions similar to those used during fuzzification. The most popular defuzzification method is the centroid calculation, which returns the value of the center of gravity of area under the curve. The overall procedure of a FIS sequence is presented in Figure 8 . Fig.8 .Interpreting the fuzzy inference diagram 29 .
The Mamdani's methodology
The Mamdani's method is probably the most known FIS process in fuzzy set theory. It was proposed in 1975 by Ebrahim Mamdani as an attempt to control a the combined set up of a steam engine and a boiler by synthesizing a set of linguistic control rules obtained from experienced human operators 31 . In the Mamdanitype inference, the output membership functions are fuzzy sets. This study uses the Matlab® toolbox for fuzzy inference system (FIS) to implement Mandani's methodology for STS transfer operations. The Matlab® toolbox is depicted by Figure 9 and it comprises the following tools 29 :
• Fuzzy Inference System (FIS) Editor: the editor is used to insert the variables to the FIS engine.
• Membership Function Editor: this editor is used to define the shapes of all the membership functions associated with each variable.
• Rule Editor: this editor is used to insert the rules and also to weight each one to define the behavior of the system. • Rule Viewer: this editor is used to depict the fuzzy inference diagram. It is also used as a diagnostic tool to see how the fuzzy engine works.
• Surface Viewer: this editor is to view the dependency of the output regarding to each one of the inputs separately and it also generates and plots an output surface map for the system. 
Implementation of Mamdani's Methodology for Ship to Ship Transfer Operations
To implement Mamdani's methodology to STS transfer operations the input parameters of the FIS engine are selected among the different factors that interact with each other during such operations and may potentially contribute to the occurrence of an accident; hence an STS transfer operation involves in a direct or indirect way the following parties 4 :
• The vessels compatibility, which includes vessel's and cargo's compatibility (dimensions, propulsion installations, mooring and anchorage equipment, personnel transfer equipment etc.) ( Figure 10 ). To this end, the majority of STS transfer operations (about 80%) involves the ship classes 43 shown in Table 1a . Furthermore, many of the hazards during the STS operation are considered to be in conjunction with tanker size 32 .This means that STS transfer operation between for example an Aframax and a Suezmax classification vessel is safer from those between a ULCC and a Suezmax. Moreover, the guidance from OCIMF 5 gives special consideration to STS operations between ships of similar classification due to issues related to mooring arrangement and ships general arrangement (bridge wings etc.). The presented study in this paper assumes that each ship according to her class comply with the general requirements for STS transfer operations regarding to manifold arrangement, sufficient manpower, bridge wings and mooring equipment. A bell shaped membership function (MF) which expresses the vessel's compatibility according to their size class is applied; the corresponding MF was chosen because it simulates better than others the corresponding class values; it is presented in Figure 11 . Table 1b . Classification of tanker ships.
• The masters and crews involved in the procedure and their individual training/ experience with regards to STS transfer operations. According to the IMO Resolution MEPC 186(59)/2009 entered into force on April 1st, 2012 the master has always the full responsibility for the STS operations onboard the ship. Moreover, training of the crew involved into STS procedures is critical especially when emergency conditions arise. It is of high importance to prepare adequately the crew prior to the operation in relation to both emergency transfer procedures and emergency propulsion procedures. The necessary equipment for navigation must be functional and should be checked before an STS operation 4 . From previous experience to such operations it is assumed that a dedicated vessel can conduct a maximum number of 10 STS transfer operations per year; hence the experience of the master and the crew may be considered to be proportional to the number of STS transfers that they have in their track record. A bell shaped MF which expresses the master and crew experience is applied; the corresponding scale is shown in Table 3 , whereas the MF is presented in Figure 12 . Table 2 , should be used with considerable caution based on the knowledge and experience of the type of the STS transfer operation; hence the choice of the proper fender equipment should not be considered as a trivial task but it is in conjunction with the accumulated experience of the STS transfer provider.Τhe hose selection, in case of use from STS provider equipment should also be done with special consideration; hence previous experience to STS operations of the provider is crucial. 
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• The environmental conditions is a factor that affect the STS transfer operation in a direct way; selected transfer area (traffic density, geological factors, security threat, underwater pipelines and/or cables, water depth) as well as weather and environmental conditions (sea state, wind, tidal currents, visibility etc.) plays an important role during the STS operation. Among them, weather conditions are of critical importance; moreover, operations in darkness are important to be avoided due to the significant increase of accident hazards. It is assumed that the limits for STS operations are according to the FCM information; for mooring operations the limit for wind is 25 knots which equals about 13 meters per second, whereas for the transfer procedure the respective limit is 35 knots, which equals about 18 meters per second. For swells/seas, the limit reaches 2 to 3 meters. Furthermore, incident statistics given from STS provider 35 for a period between 2011-2013 the average indicate that wave height has an adverse effect to the operation. To this end the environmental factor is defined as shown in table 5; a bell shaped MF which expresses the prevailing environmental conditions is applied; the corresponding scale of the prevailing environmental conditions is shown in Table 5 as well as the relevant MF is presented in Figure 14 . Table 5 . Scale of the prevailing environmental conditions
Results
This study employs a FIS (on the Matlab toolbox) to assess the risk of different combinations for four basic factors which affect an STS transfer of cargo. In particular, the Mamdani's methodology is applied for the STS transfer operations. The input variables (factors) are: the vessels compatibility according to the classification of the ships involved; the relative experience to STS operations of the master and crew; the experience of the STS provider which concludes the qualifications of the person over all advisory control (POAC) and the suitability of the selected equipment for the STS operation (fenders, hoses etc); and finally the prevailing environmental conditions which are mainly reflected by weather conditions and the sea state. The FIS structure shown in figure 15 , displays the fuzzy inference engine with the four input variables/factors on the left, and the output variable of risk during STS transfer operations on the right hand side. The choice of the most suitable MF in a fuzzy set approach is a crucial issue that is related to the available data and it has concerned many researchers over the years 36, 37, 38 40 . Inference systems can be successfully applied to control systems, or expert systems 36 or even prediction systems 37 . Nevertheless, the majority of the published work concerning the choice of the suitable MF is related to control systems; see relevant Refs. 38-40. Table 6a . Experts' opinion of the evaluation of the risk associated with the vessels compatibility and the Master's and crew experience. Table 6b . Experts' opinion of the evaluation of the risk associated with the environmental conditions and the Master's and crew experience. Table 6c . Experts' opinion of the evaluation of the risk associated with the environmental conditions and the vessel's compatibility. Table 6d . Experts' opinion of the evaluation of the risk associated with the Master's and crew experience and the STS provider experience. Table 6e . Experts' opinion of the evaluation of the risk associated with the Ship to Ship provider experience and the vessel's compatibility. In this study, MFs generated from the Gaussian distribution function have been finally selected instead of piece-wise linear functions; as for example figure 16 shows the mapping of the Master and crew experience against the STS provider experience for the estimation of risk during STS operations. The left part of figure 16 uses piece-wise linear MFs, whereas the right part of figure 16 uses MFs generated by a Gaussian distribution function; hence, the Gaussian distribution generates more smooth results without (or with much fewer) irregularities. In addition, the experts have evaluated the relative importance between the input variables and the potential risk so as to introduce the rules to the rules editor. To do so, experts have been asked to rate with a scale of low, medium and high, the risk associated to different combinations of the factors under consideration. The results for the different combinations of the corresponding factors are illustrated in table 6. Figure 17 shows three dimension (3D) surfaces as the results of the implementation of the FIS theory to evaluate the risk potential during the STS transfer operation. In particular, different scales of grey indicate the different magnitudes of the associated risk, i.e. from an intense grey scale, areas with low risk potential, to a moderate grey, and a light grey scale, which indicates areas of high level of risk potential. 
Discussion
The risk and safety analysis with respect to STS transfer operations always remains a significant issue within the chain of marine safety. Many studies have focused on this topic by the development of models to conduct an efficient risk assessment; for example, the work from Elsayedin Refs. 12, 28 and 41 or the work of Christensen in Ref. 42focus on risk assessment of marine operations regarding LNG operations, while the work of Loer in Ref. 43 focuses on risk assessment for marine operations regarding petroleum products.
In this study,a FIS methodology has been applied as a novel approach to determine the special relationships of four different factors in the field of assessing the risk of an STS transfer operation: the vessel's compatibility, the master's and crew experience, the STS provider qualifications and the environmental conditions. The results of the analysis demonstrate that MFs associated with each variable based on the Gaussian distribution function instead of piece-wise linear functions indicate the generation of better results in three dimension mapping of the risk associated to the input variables. In particular, the use of Gaussian as well as two-side Gaussian MFs instead of triangular membership functions gives better results without irregularities with respect to the 3D mapping of the risk potential during STS operations. The use of trapezoidal MFs yields better results than the triangular onestaking into account their smooth continuity; hence these are closer to the ones produced by the Gaussian based MFs. This is due to their smoothness that consequently leads to the generation of better results. The final choice to apply the Gaussian MFs has been made, taken into consideration the overall performance of the employed FIS.
Hence, for the implementation of the FIS model seventy one rules have been applied to the rule editor according to the experts' opinion for all possible combinations of the input variables as shown in table 6 . The results of the analysis are presented with the 3D surfaces in figures 17a to 17f. More specifically, each of these figures depicts the distribution of the risk against the combination of two individual factors;for example figure 17c depicts the risk against the combination of the environmental conditions and the vessel's compatibility. It is obvious that the deterioration of the environmental conditions (wind velocity or/and wave height), in combination with vessels of different classes has an adverse effect to the risk evaluation for STS transfer operations. Table 7 . The evaluation of the selected factors for the Ship to Ship operation from the Master of the Panamax vessel.
Another indicative example on risk evaluation refers to figure 17f which shows that although a low level for the experience of the STS provider is translated into a low risk evaluation in case of excellent environmental conditions, however if the weather conditions deteriorate then the relative risk increases. This means that in case of an STS provider with low experience the environmental conditions obtain high significant and therefore they should be taken under serious consideration with regards to the decision of giving the green light to the operation.
Another interesting example comes from figures 17a and 17e which demonstrate the significant effect of the master's and crew experience to the overall safety of the operation. High level of experience can maintain the risk of the operation in relatively low levels with limited effect by the compatibility of the vessels and the environmental conditions; hence, the master's and crew experience is a factor of special importance. This is also demonstrated from the latest relevant IMO resolution, MEPC 186(59)/2009,which gives to masters of tanker vessels the full operational responsibility of an STS transfer operation 4 . Figure 18 shows an example from the combination of the input variables yielding the corresponding risk level. In particular, the case of a ULCC lightering operation to a ''Panamax'' class vessel is evaluated during the phase of preparation with the objective cause to predict the relative risk of the entire STS operation. The master of the Panamax vessel has evaluated the corresponding factors according to the preliminary investigation. Data interpolation by applying tables 1, 3, 4 and 5 leads to the results shown in Table 7 .
The relative risk (potential) can be calculated by moving the black lines depicted in each input variable whereas the results are indicated from the intense black line targeted from the arrow in the risk column in figure  18 . The real time adaption of the results of the FIS engine can demonstrate the strength of the proposed model adding dynamic attributes that makes it a valuable tool in hands of experts. The analysis of the results demonstrates that the FIS engine can efficiently be used during the different phases of an STS operation to determine the effects of the factors involved on risk.
Moreover, the FIS model can be applied during the phase of the preparation of the STS operation to evaluate the presenting conditions and estimate the risk of the upcoming operation. The capability of the FIS model is necessary to the decision-making for the conduction or not of the operation after taken into account all possible factors that can affect the STS operation.
Conclusions
The aim of this paper is to apply FIS as a novel approach on risk assessment for STS transfer operations. From the results it is clear that the selected factors can successfully be combined to map and estimate the risk during such procedures. Hence, the proposed methodology can be used prior to the operation to assess the potential risk of an STS procedure so as to take the necessary measures to mitigate this risk. Moreover, the proposed methodology can be used as a tool during or after the completion of the operation to evaluate the prevailing conditions and thus to provide assistant to the decision-making regarding each one of the different phases of an STS transfer operation.
The STS transfer operations may potentially lead to marine accidents with adverse impact on human life, the environment and property; the risk of a marine accident during an STS operation and subsequently the consequences arising by such an event should be taken under serious consideration. In this context, this paper focused on conducting, in a systematic way, a risk assessment for STS transfer of cargo operations to assist to the study of alleviating and/or mitigating the risk of a potential corresponding marine accident.
